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Introduction
In order to address the LMLC (Low-Mobility-Large-Cell) requirements laid down by ITU, TSDSI has submitted the 5Gi standard as a candidate RIT to ITU-R WP5D that is approved as an IMT 2020 standard. A key component of 5Gi standard that improves rural coverage is the low PAPR “pi/2 BPSK with spectrum shaping” waveform that boosts the uplink power and consequently the cell range. 
Note that 5Gi standard uses a different form of pi/2 BPSK waveform when compared to the version specified in 3GPP 5G NR specifications. Specifically, 5Gi mandates the use of pi/2 BPSK modulation with 1+D spectrum shaping. For the same, associated signaling changes are also supported. This contribution describes a proposal that aims at harmonizing the 5Gi pi/2 BPSK specification with that of 3GPP 5G NR specifications. This proposal also facilitates the harmonization of 5Gi and 5G and helps in providing enhanced rural coverage.
Proposed Changes 
The changes are in 38.211 and 38.306
38.211
[bookmark: _Toc19796420][bookmark: _Toc26459646][bookmark: _Toc29230295][bookmark: _Toc36026554][bookmark: _Toc45107393][bookmark: _Toc51774062][bookmark: _Toc74660402]6.3.1.4	Transform precoding


If transform precoding is not enabled according to 6.1.3 of [6, TS38.214],  for each layer .

If transform precoding is enabled according to 6.1.3 of [6, TS38.214],  and  depends on the configuration of phase-tracking reference signals.

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of complex-valued symbols  for the single layer  shall be divided into  sets, each corresponding to one OFDM symbol and . 








If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-valued symbols  shall be divided into sets, each set corresponding to one OFDM symbol, and where set  contains  symbols and is mapped to the complex-valued symbols  corresponding to OFDM symbol  prior to transform precoding, with  and . The index  of PT-RS samples in set , the number of samples per PT-RS group , and the number of PT-RS groups  are defined in clause 6.4.1.2.2.2. The quantity  when OFDM symbol  contains one or more PT-RS samples, otherwise .
Transform precoding shall be applied according to
	



resulting in a block of complex-valued symbols , where a spectrum shaping filter  is applied when π/2-BPSK is configured for PUSCH and the filter values are unspecified. When π/2-BPSK is not configured for PUSCH . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
	[image: ]

where  is a set of non-negative integers. 
[bookmark: _Toc19796443][bookmark: _Toc26459669][bookmark: _Toc29230319][bookmark: _Toc36026578][bookmark: _Toc45107417][bookmark: _Toc51774086][bookmark: _Toc74660426]6.3.2.6.4	Transform precoding
The block of complex-valued symbols  shall be transform precoded according to


resulting in a block of complex-valued symbols . When π/2-BPSK is configured for PUCCH, a spectrum shaping filter  is applied and the filter values are unspecified. When π/2-BPSK is not configured for PUCCH, .

[bookmark: _Toc19796453][bookmark: _Toc26459679][bookmark: _Toc29230329][bookmark: _Toc36026588][bookmark: _Toc45107427][bookmark: _Toc51774096][bookmark: _Toc74660436]6.4.1.1.3	Precoding and mapping to physical resources 

The sequence  shall be mapped to the intermediate quantity  according to 
-	if transform precoding is not enabled, 


-	if transform precoding is enabled



where , , and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is given by the higher-layer parameter DMRS-UplinkConfig, and both  and  correspond to . When π/2-BPSK is configured for PUSCH, a spectrum shaping filter  is applied and the filter values are unspecified. When π/2-BPSK is not configured for PUSCH,.
The intermediate quantity  if Δ corresponds to any other antenna ports than. 
[bookmark: _Toc19796470][bookmark: _Toc26459696][bookmark: _Toc29230346][bookmark: _Toc36026605][bookmark: _Toc45107444][bookmark: _Toc51774113][bookmark: _Toc74660453]6.4.1.3.3.2	Mapping to physical resources




The sequence shall be multiplied with the amplitude scaling factor , , in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  on antenna port  according to

where 

-	 is defined relative to subcarrier 0 of the lowest-numbered resource block assigned for PUCCH transmission, 


-	 is given by Table 6.4.1.3.3.2-1 for the case with and without intra-slot frequency hopping and with and without additional DM-RS as described in clause 9.2.1 of [TS 38.213], where  corresponds to the first OFDM symbol of the PUCCH transmission. 
The resource elements  shall be within the resource blocks assigned for PUCCH transmission according to clause 9.2.1 of [5, TS 38.213]. When π/2-BPSK is configured for PUCCH, a spectrum shaping filter  is applied and the filter values are unspecified. When π/2-BPSK is not configured for PUCCH, .
38.306
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	lowPAPR-DMRS-PUCCH-r16
Indicates whether the UE supports low PAPR DMRS for PUCCH format 3 and format 4 with transform precoding and with pi/2 BPSK modulation. UE indicates support of this feature shall indicate support of pucch-F3-4-HalfPi-BPSK and any combination of support of pucch-F3-WithFH, pucch-F4-WithFH and pucch-F1-3-4WithoutFH.
	Band
	NoYes
	N/A
	N/A

	lowPAPR-DMRS-PUSCHwithPrecoding-r16
Indicates whether the UE supports low PAPR DMRS for PUSCH with transform precoding and with pi/2 BPSK modulation. UE indicates support of this feature shall indicate support of pusch-HalfPi-BPSK.
	Band
	YesNo
	N/A
	N/A

	powerBoosting-pi2BPSK
Indicates whether UE supports power boosting for pi/2 BPSK, when applicable as defined in 6.2 of TS 38.101-1 [2]. This capability is not applicable to IAB-MT.
	Band
	YesNo
	TDD only
	FR1 onlyNo

	pucch-F3-4-HalfPi-BPSK
Indicates whether the UE supports pi/2-BPSK for PUCCH format 3/4 as defined in 6.3.2.6 of TS 38.211 [6]. It is optional for FR1 and mandatory with capability signalling for FR2. This capability is not applicable to IAB-MT.
	UE
	YesCY
	No
	YesNo

	pusch-HalfPi-BPSK
Indicates whether the UE supports pi/2-BPSK modulation scheme for PUSCH as defined in 6.3.1.2 of TS 38.211 [6]. It is optional for FR1 and mandatory with capability signalling for FR2. This capability is not applicable to IAB-MT.
	UE
	YesCY
	No
	YesNo



oleObject3.bin

image4.wmf
(0)(0)

()()

xixi

=

%


oleObject4.bin

image5.wmf
l


oleObject5.bin

image6.wmf
PUSCHgroupPTRS

scsampgroup

l

MNN

e

-


oleObject6.bin

oleObject7.bin

image7.wmf
im

¢

¹


oleObject8.bin

oleObject9.bin

image8.wmf
1

l

e

=


oleObject10.bin

oleObject11.bin

image9.wmf
0

l

e

=


oleObject12.bin

image10.wmf
RB

sc

PUSCH

RB

PUSCH

sc

N

M

M

×

=


oleObject13.bin

image11.wmf
PUSCH

RB

M


oleObject14.bin

image12.wmf
5

3

2

5

3

2

PUSCH

RB

a

a

a

×

×

=

M


image13.wmf
5

3

2

,

,

a

a

a


oleObject15.bin

image14.wmf
()

rm


oleObject16.bin

image15.wmf
(

)

(

)

(

)

(,)

,ft

2

42Configuration type 1

6Configuration type 2

0,1

0,1,...

0,1,...,1

j

p

kl

awkwlrnk

nk

k

nk

k

lll

n

j

m

u

¢¢¢

=+

¢

++D

ì

=

í

¢

++D

î

¢

=

¢

=+

=

=-

%

%


oleObject17.bin

image16.wmf
(

)

k

w

¢

f


oleObject18.bin

image17.wmf
(

)

l

w

¢

t


oleObject19.bin

image18.wmf
s

PUCCH,

b


oleObject20.bin

image19.wmf
{

}

4

,

3

Î

s


oleObject21.bin

image20.wmf
(0)

l

r


oleObject22.bin

image21.wmf
2000

=

p


oleObject23.bin

image22.wmf
k


image1.wmf
)

(

)

(

)

(

)

(

i

x

i

y

l

l

=


oleObject24.bin

image23.wmf
l


oleObject25.bin

image24.wmf
0

=

l


oleObject26.bin

oleObject1.bin

image2.wmf
1

,...,

1

,

0

-

=

u

l


oleObject2.bin

image3.wmf
(0)

()

xi

%


